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Executive Summary 

Part of the mission of the Minerals Management Service (MMS) of the US Department of the Interior 
(DOI) is to "manage the mineral resources of the Outer Continental Shelf in an environmentally sound 
and safe manner". This includes the oil platform decommissioning practices in the Gulf of Mexico. 
While different methods can be used for this task, Explosive Removal of Offshore Structures (EROS) 
present some cost advantages on shallow water removals. However, a number of alternative removal 
technologies exist and are used regularly. EROS is also frequently used in deep water where there are 
significant risks to divers while inspecting the results of removal operations. The current maximum 
explosive weight authorized by MMS for explosive structure removal is 50 pounds, which is also the 
upper limit of charge covered by a generic Endangered Species Act (ESA) consultation. A limit value of 
5 pounds was determined to be at a "de minimus" level set by another ESA consultation. The blast 
characteristics of explosive charges and their impact on wildlife have not been completely assessed. Data 
on current weight limits have been obtained through modeling and extrapolation, hence the MMS 
expressed a need to obtain data from actual tests, which could later be used to confirm and validate the 
weight characteristics. 

SNC TEC Corporation team was awarded a contract in the fall of 2001 to develop an explosive 
charge system that would require less explosive to sever offshore structures through the use of an 
engineered charge and to obtain data to evaluate its impact on marine life. The aim for the engineered 
explosive charge total system weight was to be below 10 pounds and, if possible, below 5 pounds. The 
project team was led by SNC TEC. The team was comprised of Explosive Service International (ESI), 
Defence Research and Development Canada Suffield (DRDC Suffield) and Sonalysts. The team 
members were involved in different tasks related to charge development and its set-up on the ESI 
developed Scorpion� delivery system as well as the different aspects of testing, including blast 
measurements during final tests in the Gulf of Mexico. 

Following simulation studies, a charge system based on linear-shaped charges was developed to 
severe oil platform piles of 30" and 48" diameters with wall thickness less than 1.5 inches. The 
Scorpion� system was used to hold the charges and position them in the pile s. Total explosive charge 
weights of 4.05 and 6.58 pounds were obtained for the 30" and 48" diameter pipes respectively. In the 
preliminary tests conducted on submerged pipes in a quarry lake, the Scorpion� system worked well and 
the charges successfully  severed the two different pile diameters of interest. In the tests against actual 
structures in the Gulf of Mexico, only 30" piles were available for cutting. It is believed that the 
Scorpion� system did not deploy properly leading to improper arrangement of the device in the pile 
resulting in a reduction of the charges effectiveness and incomplete severing. Additional work would be 
required in order to solve the problem with the system deployment. 

The general conclusions of this study are that the values of peak overpressure, impulse and energy 
flux density obtained from both the engineered and the bulk charges generally follow the accepted 
exponential shape when presented as a function of the distance from the blast charge divided by the cube 
root of the charge weight. These values are also closer to those computed with the Connor similitude 
equation than those obtained with the ARA model which can be expected based on the method used to 
obtain the equations and the conservative assumptions used to develop the ARA model. The limit values 
of 12 psi for the peak overpressure and 182 dB (re 1 µPa2-sec) for the energy flux density are obtained at 
half the distance for the 4.05 pounds engineered charge than for the 50 pounds bulk charge. Additional 
experiments should be performed to confirm more precisely the results obtained. 
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Abstract 

The SNC TEC Corporation team conducted a research program related to the Explosive Removal of 
Offshore Structures (EROS) and its impact on marine life. This work was performed for a contract 
awarded by Minerals Management Service (MMS) in the fall of 2001. The major goal of the program 
was to develop an engineered explosive charge system that would contain less explosive than the standard 
50-pound bulk charge to undertake the removal of offshore structures. The targeted total weight of the 
explosive of the new charge was to be below 10 pounds and, if possible, below 5 pounds. Blast 
measurements to provide data to compare effects on the environment were also taken during the program. 

The Scorpion� system developed by Explosives Systems International (ESI) was chosen as the 
system to hold the charges and place them inside the pipes to be severed. The development of the 
engineered charges was based on the advantages of the shaped charge. Numerical modeling and 
experimental validation were performed on different types of linear-shaped charges. The computer 
simulation results were used to obtain the optimal dimensions for the linear shaped charge design to be 
used. These dimensions were found to be close to those of a commercial charge manufactured by 
Accurate Energetics. A sturdy waterproof casing was designed to hold the complete charge system to 
ensure adequate functioning and fit on the Scorpion�  . These charges were designed and manufactured 
for the removal of 30" and 48" diameter piles. Although the design of charges for the removal of 24" 
piles has been completed, they were not manufactured. 

Testing of the design, first at Defence Research and Development Canada (DRDC) Suffield and then 
at the ESI test range, led to the final development of the charge design containing total explosive charge 
weights of 4.05 and 6.58 pounds for the 30" and 48" diameter pipes respectively. Tests were then 
conducted on submerged pipes in a quarry lake to demonstrate the ability of the engineered charges 
mounted on the Scorpion� to sever both diameters of pipes and to test the blast measurement array. 
Good results from all the preliminary tests was followed by validation testing of the system in the Gulf of 
Mexico against actual structures made of 30" piles. The results showed incomplete severing of the pipes 
with about two thirds of the pipe circumference uncut. Evidence indicates that an imperfect deployment 
of the Scorpion� may be the cause. Additional work will be required to solve the problem with the 
deployment system. 

Measured peak blast overpressure values obtained using the experimentally recorded pressure curves 
from two 50 pounds bulk charge and the engineered charge were studied along with the impulse and the 
energy flux density computed from those pressure curves. This data was reviewed as a function of the 
distance from the charge divided by the cube root of the charge weight. While general tendency of the 
data for both types of charge was to follow the generally accepted exponential shape of similitude 
equations, this data was relatively scattered, as indicated by regression coefficients (R2) between 0.40 and 
0.90. The measured data did not also always follow the expected pressure reduction with the distance 
from the blast point. For both types of charges, the measured data is closer to the computed data from 
Connor study similitude equations compared to the Advanced Research Associates (ARA) model 
particularly for impulse and energy flux density. This can be expected since the ARA model was 
developed from theoretical conservative assumptions while the Connor similitude equations were derived 
from experimental data. The peak overpressure data of the engineered charge were generally lower than 
the bulk charge data. The computed distance to obtain the 12 psi peak blast overpressure and 182 dB (re 
1 µPa2-sec) energy flux density with the engineered charge is about half that obtained with the bulk 
charge. This corresponds closely to the ratio of 2.31 for the cube root of the bulk charge weight and 
engineering charge weight. 
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Preface 

The background documents presented here are a collection of technical data, drawings, 
reports and minute meeting which have been emitted in the realization of the contract related to 
the explosive removals of offshore structures (EROS) and its impact on marine life since the fall 
of 2001 to the winter of 2003-2004. most of these documents were already transmitted to 
Minerals Management Service (MMS) along with the monthly reports. 

These background documents are complementary to the final report. They are not essential to 
the reading of the main report but could help to make some details more clear in furnishing some 
basic details. 
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LIST OF ABBREVIATIONS 

ALE Arbitrary Lagrangian Eulerian

ARA Advanced Research Associates

CD Charge width for linear shaped charge and charge diameter 


for axisymetric shaped charge 
Composition B Explosive formulation made 06 59.5% RDX, 39.5% TNT and 

1% wax 
Composition C4 Explosive formulation made of 91% RDX in 9% 

polyisobutylene binder 
CTD Conductivity, temperature and depth 
DRDC-S or DRDC Suffield Defence Research and Development Canada - Suffield 
EROS Explosive Removal of Offshore Structures 
ESI Explosive Systems International 
GOM Gulf of Mexico 
HSS Hollow Structural Section 
LSTC Livermore Software Technology Corporation 
LSC Linear Shaped Charge 
MMS Mineral Management Services 
nonel non-electric 
PETN Pentaerythritol tetranitramine explosive

PVC Polyvinyl chloride

RDX cyclotrimethylenetrinitramine or cyclonite explosive 


(abbreviation stands for Research Department Explosive) 
SNC TEC SNC Technologies Inc. 
SNC TEC Corp. SNC TEC Corporation; American branch of SNC TEC 
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OIL PLATFORM REMOVAL USING ENGINEERED CHARGES 
TASK 4: EXPERIMENTAL FIRINGS AT DRDC-SUFFIELD 
SUMMARY REPORT 

John Fowler 
16 March 2003 

Introduction 

Testing of selected linear and curved commercial shaped charges against pile material occurred as planned at 
DRDC-Suffield March 3-6, 2003. The following report summarizes these experimental trials and the results. A 
summary of the trial series is given in Table 1, 2 and 3 provided below. The initial test plan for this week and a 
summary in table form of the planned trials is provided as Appendix A. While testing was ongoing Martek Inc 
performed a series of simulations to demonstrate the water jetting phenomena which results from an annular 
detonation bubble collapse, some of this work is provided as Appendix B. 

Over the course of testing shaped charge liners packed with RDX and Comp -B were evaluated against water-backed 
1.5” thick steel to determine their performance. Linear charges were tested both in air and inside steel casings 
designed to be sealed and allow the charges to be submerged. Problems with the initiation system were encountered 
and several small tests were performed to support the trial series. Having successfully initiated a linear charge in a 
casing a curved version was tested and three of these charges were then fired against a 48 inch diameter section of 
1.5 inch thick pile material. Time constraints pushed an identical trial using Comp-B charges into the following 
week. 

Table 1: Trial Summary - Initial testing of linear charges with no casings. 
Test # Trial 

Date 
Explosive Charge Casing Standoff Target Details 

1 3 Mar 
03 

RDX Straight 
12 inch 

None 1.25 inch Steel Plate 
1.5 inch 

Water-backing of steel plate to 
obtain proper spall behaviour. 

2 3 Mar 
03 

RDX Straight 
12 inch 

None 1.25 inch Steel Plate 
1.5 inch 

Water saturated sand backing. 

Table 2: Trial Summary - Testing of initiation concepts through steel casing. 
Test # Trial 

Date 
Acceptor 
Explosive 

Donor 
Explosive 

Casing Witness Detonation Details 

3 3 Mar 
03 

5/8” Disk ¾” C4 well 
3/8” Deep 

1/16” 1/16” No 

4 3 Mar 
03 

5/8” Disk C4 well + 
5/8” Disk 

1/16” 1/16” Yes 

5 3 Mar 
03 

N/A C4 well + 
5/8” Disk 

1/16” N/A Yes 

6 4 Mar 
03 

5/8” Disk C4 well + 
5/8” Disk 

1/16” 1/16” No Detonator side mounted. 

7 4 Mar 
03 

5/8” Disk Detaprime 
+ 5/8” Disk 

1/16” 1/16” Yes Detonator side mounted. 
Detaprime (5g) 

(5/8” Disk refers to a 5/8” disk of 1/8” thick Detasheet.) 
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Table 3: Trial Summary-Evaluation of commercial shaped charges 
Test # Trial 

Date 
Explosive Charge Casing Standoff Target Details 

8 4 Mar 
03 

RDX Straight 
12 inch 

None 1.25 
inch 

Steel Plate 
1.5 inch 

Water-backing of steel plate. 

9 4 Mar 
03 

RDX Straight 
12 inch 

Straight 
12 inch 

1.25 
inch 

Steel Plate 
1.5 inch 

Charge sealed within the 
submerged casing. 

10 4 Mar 
03 

RDX Straight 
12 inch 

None 1.25 
inch 

Steel Plate 
1.5 inch 

Water-backed plate with dual 
initiation on charge. 

11 5 Mar 
03 

RDX Straight 
12 inch 

Straight 
12 inch 

1.25 
inch 

Steel Plate 
1.5 inch 

Charge sealed within the 
submerged casing. 

12 5 Mar 
03 

RDX Curved 
14 inch 

Curved 
14 inch 

1.25 
inch 

48” Pile 
1.5” Thick 

Air-backed plate with charge in 
casing to confirm initiation. 

13 6 Mar 
03 

RDX Curved 
14 inch 

Curved 
14 inch 

1.25 
inch 

48” Pile 
1.5” Thick 

Three charges sealed inside cases 
and submerged. 

14 

15 

6 Mar 
03 

13 Mar 
03 

Comp B 

CompB 

Curved 
14 inch 
Curved 
14 inch 

Curved 
14 inch 
Curved 
14 inch 

1.25 
inch 
1.25 
inch 

48” Pile 
1.5” Thick 

48” Pile 
1.5” Thick 

Air-backed plate with charge in 
casing to confirm initiation. 
Three charges sealed inside cases 
and submerged. 

Experimental Setup and Results 

The trials have been summarized below in the order they were performed. The details of the charge preparation, 
trial set-up and results for each of the trials is provided. 

Trial 1 

A twelve-inch linear charge was fired against a water-backed one and a half inch mild steel plate. The primadet zero 
delay MS detonator was mounted vertically. The detonator was used to initiate a ¾” diameter well of C4 explosive 
3/8” deep that was in contact with the shaped charge case. 
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This trial resulted in the partial penetration of the target plate. The point initiation of the shaped charge resulted in a 
lower penetration below the detonator. 

Trial 2 

A twelve-inch linear charge was fired against a water saturated sand backed one and a half inch mild steel plate 
using an identical initiation system to that of the first trial. 

As seen in the first trial penetration of the plate did not occur under the detonator. The width of penetration is 
greater than it appears in the photo due to problems in sectioning the plate. The true performance is similar to that 
noted in the first trial. 

This lower penetration under the detonator has been noted in previous testing with single point initiation systems. 

Trial 3 

Testing prior to this trial series indicated that there may be problems with initiating the shaped charge through the 
sealed steel casing. Tests were performed using 1/8” and 1/16” steel plates with a donor charge above the plate and 
an acceptor charge below the plate. This was then placed in contact with a steel witness plate. In the event of a 
detonation a hole the size of the acceptor charge would be created in the witness plate. If the system failed to 
detonate the plate would simply bend as a result of the blast from the detonator and the donor system. 

Initially the detonator was placed in a well of C4 (3/8” deep and 5/8” in diameter). A layer of C4, 1/8” thick, 
located by a particle board form could not be detonated below a 1/8” or 1/16” plate. This trial was then repeated 
with a 5 gram detaprime around the detonator and a 3/8” disk of C4 1/8” thick as the donor charge. The system 
again failed to detonate the C4 below the 1/16” plate representing the charge casing. 
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For trial 3 the primadet detonator was placed in a ¾” diameter well of C4 3/8” deep. This donor charge was place 
on top of a 1/16” steel sheet with a 5/8” disk of 1/8” detasheet below. The detasheet disk was secured in place using 
a piece of particle board with a hole sized to the disk. This acceptor system was then placed on a steel witness plate. 

The witness plate indicated that the acceptor charge did not detonate. 

Trial 4 

The previous trial was repeated with a 5/8” diameter disk of 1/8” detasheet below the C4 well as the donor charge. 
The acceptor charge was identical to the previous trial. 

This resulted in detonation of the acceptor charge. 
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Trial 5 

Concerns were raised with respect to the donor charge, was the charge detonating or transitioning to detonation. A 
trial was conducted with just the donor system and a witness plate. 

While the metal disk punched out of the witness plate was not recovered, the damage seen on the witness plate and 
the hole in the plywood shown to the right of the plate indicated that it had been formed. 

Trial 6 

The steel tube casing designed by SNC was made such that the detonator would be mounted horizontally along the 
top of the case. This initiation concept was tested to ensure the detonation would propagate through the case. The 
detonator was placed in a well of C4 and positioned on top of a 5/8” diameter disk of 1/8” detasheet. 

The results indicated that the detasheet acceptor charge below a 1/16” plate was not initiated. 
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Trial 7 

The side initiation concept was repeated with a five gram detaprime on top of a 5/8” disk of 1/8” detasheet. This 
donor charge was placed on top of a 1/16” steel plate with a similar detasheet disk below, located by the particle 
board as shown in the figure below. This was then placed on a 1/16” steel witness plate to determine if the acceptor 
charge had detonated. 

The figure below indicates that the acceptor charge did in fact detonate. 

The steel plate at the bottom right was that used to model the steel casing, above it is the steel witness plate. To the 
right is the plywood base with a hole created by the recovered steel disk shown. 
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Trial 8 

Based on the results of trial one and two, options for increasing the cutting performance under the initiation point 
were discussed. The concept of adding a 1.5 inch by two inch layer of 1/8” detasheet below the 5 gram detaprime 
was considered and tested. 

The results are provided below. 

While the additional explosive was sufficient to result in the plate fracturing the depth of penetration was not 
significantly different from that of the first trial. 
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Trial 9 

A twelve inch linear RDX charge was then sealed inside a steel casing. The acceptor charge consisted of a 5/8” disk 
of 1/8” detasheet with C4 packed below it to make contact with the shaped charge. The donor charge used a 
primadet detonator with a five gram detaprime on top of a 5/8” disk of 1/8” detasheet in contact with the sealed steel 
casing. 

The acceptor charge failed to detonate resulting in the shaped charge also not detonating. 
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Trial 10 

Questions have been raised during the course of this work regarding the benefit of multiple initiation. To determine 
the benefit afforded by colliding detonation and blast waves on the performance of a linear shaped charge a dual 
initiated system was tested. Two RP-83 detonators were used for timing purposes. These detonators initiated a 5/8” 
disk of 1/8” detasheet placed on either end of the shaped charge. 

The plate was water-backed to limit the spall and obtain a better estimation of the cutting potential. 

As expected from previous testing the shock collision effect is localized at the center of the cut. While there is a 
continuous penetration the total length of the cut is significantly shorter than the other trials done here due to the run 
up required on either end of the charge. 

Final report Backgrounds MMS 
13 



OIL PLATFORM REMOVAL USING ENGINEERED EXPLOSIVE CHARGES: 
IN SITU COMPARISON OF ENGINEERED AND BULK EXPLOSIVE CHARGES 

Background Documents 

Trial 11 

Based on the previous trials a substantial initiation system was developed to ensure detonation of the shaped charge. 
Two 1.5 inch by 2 inch layers of 1/8” detasheet were placed on top of two wedges of C4 that made contact with the 
RDX linear shaped charge. 

This acceptor charge was secured with tape and placed within the steel casing. The shaped charge and initiation 
system were pushed into the top of the steel casing using a spring system. 
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The casing was then sealed with gasket material. The booster charge on top of the steel casing consisted of two 1.5 
inch by 2 inch layers of 1/8” Detasheet taped to the case and a 5 gram detaprime. 

The charge was then placed on the 1.5 inch target plate and submerged for the trial. 

This system did initiate the charge but poorly. The cut suggests that detonation occurred on only one side of the 
system. This resulted in no jet being formed below the initiation system. 

The detonation wave does run-up and balance itself quickly and the plate was penetrated away from the initiation 
system. 

While not on the same plane a cut of similar dimensions occurs on both sides of the initiation system. 
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Trial 12 

Having initiated the linear charge the same system was built and tested for a curved RDX shaped charge. During 
preparation of the charge extra care was taken to ensure a tight fit between the charge and the casing. 

The trial was performed on an air-backed section of pile material. The system successfully detonated the shaped 
charge and cut the plate. 

Trial 13 

Having successfully initiated the curved charge three of these systems were built to fired against the 48 inch 
diameter section of pile material. The charges were first wrapped with tap to ensure a tight fit in the charge casing. 
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The acceptor charge of C4 and data sheet was then added at the center of the charge. 

The charge was then slid into the curved steel casing. 

The endcaps are shown in this figure. The cap with the protane blocks was installed first with the base of the charge 
resting on the blocks to establish the proper standoff. The wooden block was then used to wedge the charge in place 
and ensure good contact of the acceptor charge with the top of the steel casing. 

Having dry fit the components the gasket material was then added to the endcaps and they were screwed securely 
into place sealing the internal cavity. Four curved Comp -B charges were also completed at this time in the same 
manner. 

The three RDX charges were placed inside the pile. The ends of the charges were positioned such that at one 
interface there was a 1.5 inch overlap while at the other the charged were flush with each other and offset by the 
width of the charge casing. 
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The pile was positioned in a 6.5 foot diameter steel tube that was lined with polyethylene sheet. The inside and 
outside of the pile were then filled with water. There was 24 inches of head on the mid-plane of the charges for the 
trial. This results are shown below; 
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All three charges successfully detonated. The charges that were flush and offset by the charge case width resulted in 
a significant brittle fracture of the pile at the interface. It was noted that most of the pile shots using the 
SCORPION™ system showed a similar characteristic fracture pattern. The outside charge in this case did not 
fracture through to perforate the pile under the detonator. This may have been a result of interaction with the crack 
running to the bottom of the pile. This could also result from interaction of the charges if they were initiated at 
slightly different times. 

The crack had propagated between the two offset cuts joining the cutting planes. 

The overlapped charges did perforate the plate and a crack propagated between the two cutting planes. The outer 
charge appeared to stop cutting prior to the end of the charge as this cut appears shorter than the shaped charge. 
This will be confirmed when the plate is sectioned. 
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Trial 14 

A Comp-B curved charge in a case with an identical initiation system was fired in air to confirm the initiation 
system was adequate. 

The charge initiated and split the section of pile material. The brittle fracture that severed the plate had copper on 
the fracture surface suggesting that the charge was still cutting when it was disrupted by the fracture. 

Trial 15 

Trial 13 was repeated using Composition-B rather than RDX filled charges. The charges had approximately 25 
inches of head for the shot . 
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All of the charges successfully initiated but they only partially penetrated the pile wall. The penetration was lower 
than that of the RDX charges and there was n o cracking between the cutting planes. 

Perforation did not occur under the initiation systems. 

In the figure above the left and the central charges are shown perforating the pile away from the detonator. The 
charge on the right perforated a smaller length than the other two charges. 

Conclusions 

The following conclusions are drawn from this trial series; 

Shaped charge penetration is not significantly affected when saturated sand is used rather than water to back the 
target. 

Penetration is reduced below the initiation system. 

A detasheet based initiation system proved the most successful. The importance of ensuring contact of the acceptor 
and donor system with the case was evident from the testing. 

Dual initiation increases the penetration in a localized area where the detonation waves interact. This increase 
comes with the cost of reduced overall penetration as the charge runs-up from two points. 

Cracking of the pile as a result of shock or blast interaction improved overall performance for the RDX charges. 
This characteristic fracture pattern has been noted on many previous shots by ESI. 

The RDX charges outperformed the Comp-B charges, perforating the pile and resulting in additional blast related 
damage. 
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APPENDIX A 

Initial Trial Plan 

Test # Explosive Charge Casing Standoff Target Details 

RDX Straight 
12 inch 

None 1.25 inch Steel Plate 
1.5 inch 

Water-backing to obtain proper 
spall behaviour. 

RDX Straight 
12 inch 

None 1.25 inch Steel Plate 
1.5 inch 

Water-backing to obtain proper 
spall behaviour. 

RDX Straight 
12 inch 

Straight 
12 inch 

1.25 inch Steel Plate 
1.5 inch 

Charge sealed within the 
submerged casing. 

RDX Straight 
12 inch 

Straight 
12 inch 

1.25 inch Steel Plate 
1.5 inch 

Charge sealed within the 
submerged casing. 

RDX Curved 
14 inch 

Curved 
14 inch 

1.25 inch 48” Pile 
1.5” Thick 

Three charges sealed inside cases 
and submerged. 

CompB Curved 
14 inch 

Curved 
14 inch 

1.25 inch 48” Pile 
1.5” Thick 

Three charges sealed inside cases 
and submerged. 

<Attach SNC MMS Trial Series Test Plan > 
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APPENDIX B {SUBJECT TO APPROVAL BY MARTEC} 

MARTEC – UNDEX Bubble Collapse for Ring Cutting Charge 
www.martec.com 
Combustion Dynamics Group 

Dave Whitehouse and Laura Martin

28 February 2003


Toroidal bubble forms 

Bubble splits during collapse

Low-speed jet (~20 m/s) evident

Bubble jet does not appear to apply high pressure loads to pipe wall

Overall internal pipe pressure high - helps maintain solution stability
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Annex C 

March 24th, 2003 Minutes of meeting 
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COMPTE RENDU DE RÉUNION / MEETING REPORT


TITRE DU PROJET / 
PROJECT TITLE: 

Oil Platform Removal Using Engineered Explosive Charges 

OBJET / SUBJECT : Program Review Meeting 
Date : 24-03-2003 No. du projet / Project No : 647-355 
Endroit / Location : Videoconference SNC TEC-

Québec/MMS -Herndon & MMS-New 
Orleans 

No. contrat / Contract No.  : 1435-0101-CT-31136 

PARTICIPANTS (Nom & Compagnie) / ATTENDEES (Name & Company) : 

Jim Lane MMS Sharon Buffington MMS Michael Hargrove MMS Arvind Shah MMS 
Tommy Broussard MMS William Poe ESI John Fowler DRDC 

Suffield 
Pierre Pelletier SNC TEC 

Denis Saint Arnaud SNC 
TEC 
ABSENTS (Nom & Compagnie) / ABSENTEES (Name & Company): 

Sarah Tsoflias MMS Judy Wilson MMS 

ITEM DISCUSSION ACTION 

1. Approval of proposed agenda and participants introduction 

- The proposed agenda was accepted; it is presented in Annex A. 

- The participants introduced themselves. 

2. General overview of the project 

Pierre Pelletier presented the goal and the differents tasks of the project. 

His presentation can be found in Annex B. 

-Some questions and remarks were raised from overview of the project but it was agreed to 
discuss them later. 

An important point was raised according to the contract. The title given to the option ‘Design 
improvement’ which is in reality Task 5 and is already covered in main contract. 

The option refers to blast measurements to perform during task 7. This is agreed by everybody 
and unless required by MMS, it will mot be changed. 
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3. Review of work done 

John Fowler presented the test plan for the tests done at DRDC-Suffield in task 4 and the results 
obtained 

His presentation can be found in Annex C 

His conclusions were: 
•Shaped charge penetration is not significantly changed if saturated sand with water is used or water is used to 
back the target. 
•Penetration is reduced below the initiation system. 
•A detasheet based initiation system proved the most successful. The importance of ensuring contact of the 
acceptor and donor system with the case was evident from testing. 
•Dual initiation increases the penetration in a localized area where the detonation waves interact. This increase 
comes with the cost of reduced overall penetration as the charge runs-up from two points. 
•The RDX charges outperformed the Comp-B charges, perforating the pile and resulting in additional blast related 
damage. 

Some Questions and remarks were raised from review of work done; 

The tests at DRDC Suffield having been done with water and sand as backing material, it was 
asked if clay would have done a difference? 

Based on his experience John Fowler indicated that he would expect that no significant difference 
should be noted with clay as the backing. 

It was asked if the RDX having superior penetration than comp B was a surprise, but it was 
answered that this is in accordance with the physical output of both explosives. Comp B is made 
of 60% RDX and 40% TNT. TNT is less powerfull than RDX. 

The question of overlapping the extremities of the charges was discussed and no clear benefit 
could be concluded on overlapping from the test conducted. Subsequent discussion and 
comments by participants led to the conclusion that overlapping could reduce the risk of forming a 
tab. 

Another question was, does the lateral cracks created at the point of meeting of two charges 
could have a detrimental effect on the removing of the cutted piles. 

It was concluded based on the knowledge of the people present that it shouldn’t have any effect. 
In fact, Mr Poe already met this kind of situation and this did not affect his operation. 
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4. Design Review 

Pierre Pelletier & Denis Saint Arnaud presented the design review. 

Details of this presentation can be found in Annex B 

Some Questions and remarks were raised from design review; 

When the charge weight was presented Mr. Poe indicated that there is talk of removing the five 
(5) pounds limit for not using the ‘turtle watch’. This subject will be discussed in more details later. 

Watertightness of the casing was discussed. Even if preliminary tests showed the casings using 
the gasket sealing compounds watertight at 15 foot depth, further tests is planned at more 
realistic depth ˜ 200 foot depth. 

Modification of the Scorpion was discussed. The Scorpion design was made simpler with four 
moving parts and charge in the deployment system. This scorpion design is usable with the 
actual casing-charge system. The modifications to the Scorpion design are not actually protected 
(intellectual property) which is why drawing are not included in this presentation. 

5. Future work 

Pierre Pelletier & Denis Saint Arnaud presented the future work. 

Details of this presentation can be found in Annex B 

Some Questions and remarks were raised on this subject: 

On Task 5, Mr Poe is looking to perform differents tests at some water depth or representing 
differents water depth to complete assurance of watertightness of the casings. 

Questions on the wall thickness and diameter of the piles to address were raised. For the work so 
far 48 inches diameter pile with 1½ inch thick wall was selected. The 48" ø, 1½" wall thickness 
piles being consider a large diameter with a thick wall pile, was the reason for this choice. 

If change of pile diameter has to be addressed, they should be smaller with thinner wall, which 
should insure sufficient performance of the charges. In addition to this discussion it has been 
stated that if different target than 48" pile ø has to be addressed in task 5 or 7 it should be known 
as soon as possible to perform related design work required and fabricate new tooling if required. 

The initiation tests to be performed at ESI will be done with already fabricated 45° charges and 
casings. Other tests will be performed with 90° charges to be made as part of Task 6. 

For Task 6 the planned work was presented in annex B and agreed by everybody. 

The size of pile to address which is directly related to the charges fabrication will be discussed in 
Task 7. 
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5. For Task 7 it has been discussed that this include some preliminary tests at ESI. 

-Piles to section 

Size of pile to section was discussed along with the effort require to cut different sizes and it was 
concluded that we should focus on 48" piles job. 

However if required we may have to go down to 36" pile diameter. It is agreed that if casing and 
charges are produced to meet the actual requirements, the cost of manufacture two types of 
differents charges will have to be considered. 

Some decommissioning program program were mentionned, Mr Poe and Mr Shah will have a 
look at them to selection the most appropriate one. 

-Permits 

The five pounds limit might be removed. However it appears that the turtle watch could be carried 
by MMS people present on board. Mr Broussard will do verification on this point. 

-Sonalysts option 

The proposition from Sonalysts along with the MMS preliminary requirements is in Annex B. 
Specific disposition of sensors as per MMS requirements hasn’t been established. 

It was mentioned that no sensor below mud line was planned. 

Discussion took place regarding preliminary tests before going offshore. Two locations were 
indicated as possible places where theses tests could be held. It was concluded interesting to 
perform these tests and that they would be performed depending on the cost. 

Sonalyst will be contacted regarding the cost of additional testing and the time availability. 

In addition it is proposed that Sonalyst representatives should be present in a meeting with 
people from MMS and NMFS to discuss the proposed method. The aim being to check if they 
agree with the proposed method and insure that the data and measurement are what they are 
looking after. Insure that these data and their measure is in accordance with what they require. 

A formal budget proposal would be required. 

Action 1 

Action 2 

Action 3 

6. Schedule presentation 

Everyboby agree that the revised ‘Project Schedule’ is a very aggressive schedule which relys on 
perfect sequence of events. 

The testing offshore will have to be given a longer period of time. 

A modified schedule will be send by SNC TEC. 
Action 4 

7. Adjourn 

. 

EFFECTUÉ PAR / PREPARED BY : DATE 
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LISTE DE DISTRIBUTION / DISTRIBUTION LIST:


ATTENDEES:


SARAH TSOFLIAS MMS


CHARLES E. SMITH MMS


JUDY WILSON MMS


MARJORIE FRANCOEUR CCC


JEAN-MARC PIGEON SNC TEC


NATHALIE MAHER SNC TEC
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LISTE DES ACTIONS / ACTION LIST 

Actio 
n Effective Date Description 

Responsable / 
Responsible 

Statut / 
Done 

Date visée/ 
Requested for 

1 2003/03/24 Decommissioning program verification (piles ø and thickness) Mr Poe & Shah 2003/03/31 
2 2003/03/24 Verification of acceptance of Turtle watch by MMS people Mr Broussard 2003/04/14 
3 2003/03/24 Budget proposal for Sonalysts additional tests & meetings Saint Arnaud 2003/04/21 
4 2003/03/24 Modified schedule Mr Pelletier 2003/04/21 

Date Émise/ 
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ANNEXES 

Annex A 
Meeting agenda 

MONDAY, MARCH,24h, 2003 
Video conference SNC TEC(Montreal), MMS(Herndon and New Orleans) 

TIME* ITEM ACTION SUPPORT 

09:00 Beginning of meeting 

09:15 General overview of the project 
- Goals 

- General work plan 
P. Pelletier 
P. Pelletier 

D. St-Arnaud 

D. St-Arnaud 

09:35 Review of work done 

- Experimental testing at DRDC-
Suffield 

- Discussion of results 
J. Fowler 

All 
D. St-Arnaud 

10:35 Design review 

- Initiation system 

- Charge weight and design 

- Casing design 

- Modification of Scorpion 

P. Pelletier 
P. Pelletier 

D. St-Arnaud 

W. Poe 

W. Poe 
W. Poe 
W. Poe 

J. Fowler 

11:00 Future work (presentation and 
discussion) 

- Design improvement (Task 5) 

- Manufacturing of charges (Task 6) 

- Full scale tests in Louisiana (Task 
7) 
o Piles to section 
o Permits 
o Sonalysts option 

P. Pelletier 
D. St-Arnaud 

A. Shah 
W. Poe 

D. St-Arnaud 

W. Poe 
P. Pelletier 

W. Poe 
All 

11:45 Review schedule and discussions P. Pelletier All 

12:00 Adjourn 
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Annex B 

Program Review Meeting Presentation 

This Presentation can be found in the Pdf "Program Review Meet ing March 24." document. Because of 
the size of the original powerpoint document (6Mo), it was made a separate entity (Pdf doc of 3Mo) from 
this meeting report and send independently by e-mail. 

Annex C 

Pjohn Fowler’s Presentation Trial Summary 

This Presentation can be found in the Pdf "JPF_MMS_SNC_TASK4_" document . Because of the size of 
the original powerpoint document (13Mo), it was made a separate entity (Pdf doc of 3Mo) from this 
meeting report and send independently by e-mail. 
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Annex D 

ESI test range testing report 
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OIL PLATFORM REMOVAL USING ENGINEERED EXPLOSIVE CHARGES: 
IN SITU COMPARISON OF ENGINEERED AND BULK EXPLOSIVE CHARGES 

Background Documents 

1.0 - INTRODUCTION 

These testing were made as part of task 7A of the project. The purpose of this test series is to complete the design 
and do equipment trials to prepare for final testing in the Gulf of Mexico as part of task 7B. 

Testing at ESI was described in test plan 647-004-TEP-DET presented in Annex A. This test plan includes tests to 
confirm initiation system location and booster design system. 

It also included test with the deployment system for 30"ø pile and 48"ø pile. Along with deployment system and 
severing of the piles, measurement testing should be conducted to get the value of the peak pressure, impulse and 
energy flux generated. 

In addition at least one test was to be done on cas ings presenting some irregularities (wrinkles). 

2.0 - OBSERVATIONS 

All the observations were done at ESI range and in a quarry with a submerged area. 

Photo # 1 Previous ESI initiation test Photo # 2 same set-up as photo # 1 
Cut complete on half the length View from the inside 
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Photo # 3 loading of a LSC Photo # 4 same as photo # 3

charge set-up for 30"ø pile View of wooden blocks maintaining

Initiation PETN & RDX standoff


Photo # 5 same as photo #3 Photo # 6 same as photo # 5

LSC mounted in casing installed Good cut all along

Inside a 30"ø pile Left side was initiated with PETN


Right side was initiated with RDX 

Photo # 7 same as photo # 5 Photo # 8 same as photo # 5 
View of the cut outside in front View of the cut from the inside 
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Photo # 9 same as photo # 8 Photo # 10 Loading of an LSC

Too powerful LSC caused LSC for 48"ø pile

deformation Initiation PETN & RDX


Photo # 11 same as photo # 10 Photo # 12 same as photo # 11

LSC & casing mount in 48"ø pile Initiation ready 

Photo # 13 48"ø pile cut Photo # 14 same as photo # 13

Good cut all along Cut view from the inside

Left side initiated with RDX

Right side initiated with PETN
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Photo # 15 same as photo # 13 Photo # 16 same as photo # 13

View in front from the inside Cut from inside appear very regular


Photo # 17 Same as photo # 13 Photo # 18 ‘wiper’ #7 b (6.3X)

Outside, extreme right dull gray cut Under PETN initiation fractured cut


Photo # 19 Scorpion assembly with Photo # 20 Scorpion for a 48"ø pile

Four LSC mounted in casing for a

30"ø pile
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Photo # 21 Scorpion for a 30"ø pile 
With initiation system on all casings 

Photo # 23 Scorpion for a 30"ø pile 
System in position and expanded 

Photo # 25 Part of acquisition system 

Photo # 22 Scorpion for a 30"ø pile 
System not expanded put in position 

Photo # 24 Sensors array identification 

Photo # 26 Analyzer for data 
Acquisition system 

Final report Backgrounds MMS 

71 



OIL PLATFORM REMOVAL USING ENGINEERED EXPLOSIVE CHARGES: 
IN SITU COMPARISON OF ENGINEERED AND BULK EXPLOSIVE CHARGES 

Background Documents 

Photo # 27 Unsuccessful try to Put Photo # 28 Successful try to put 
30"ø pile in place underwater 48"ø pile in place underwater 

Photo # 29 48"ø pile partly cut Photo # 30 48"ø pile partly cut 
Both cut doesn’t met 
Upper cut deviate away 

Photo # 31 48"ø pile partly cut Photo # 32 48"ø pile partly cut 
Two others cut which doesn’t met Severing between two cut 
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Photo # 33 48"ø pile partly cut Photo # 34 48"ø pile partly cut 

Severing between two cuts Transverse fracturing front view

Transverse fracturing


Photo # 35 Successful try to put Photo # 36 Successful cut on 30"ø pile

30"ø pile in place underwater


Photo # 37 Successful cut on 30"ø pile Photo # 38 Front view of severed

Pile severed in two section 30"ø pile
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Photo # 39 Internal view of severed Photo # 40 Top view of severed 
30"ø pile, clear-cut observed 30"ø pile. Difference can be seen 

Between top & bottom cut. 

Photo # 41 Square cut as top of Photo # 42 Overlap cut as bottom 
Photo # 40 of Photo # 40 

Photo # 43 Part of severed 30"ø pile	 Photo # 44 Part of severed 30"ø pile 
Appearance of spalling of the wallOne fractured point 
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Photo # 45 new casings for 30"ø pile 
Wrinkles are visible on internal wall 
The non-aligned one was put on test 

Photo # 47 Casing & LSC for 30"ø pile 
Assembled with foam & wood standoff 

Photo # 49 Inside 30"ø pile 
LSC mounted in casing 

Photo # 46 Loading of LSC for 
30"ø pile with Boosters of RDX 
at left foam standoff, at right wood 

Photo # 48 Load casing for 30"ø pile 
Initiator installed 

Photo # 50 30"ø pile severed 
severing weaken at wood standoff 

Wood standoff at right 
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Photo # 51 Interior of 30"ø pile severed Photo # 52 Lafitte’s Blacksmith Shop 
No difference on all the cut 941 Bourbon (1772) N O LA 

Photo # 53 Blast of 48"ø pile 
Mass of water displaced 
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3.0 - CONSTRUCTION OF THE CHARGES 

Loading of the charges was done using a procedure based on the previous experiments at DRDC Suffield. 
• First the LSC was placed aside of the casing to correctly localize the booster holders. 
•	 Next the booster holders were put on the LSC and loaded. In all cases a thin deta sheet (0.125") 

was put first. Then the two corners on the side were filled either with deta sheet packed or with 
three det cord made of PETN (50gr 1½"long). 

• Two layers of deta sheet (0.125"). 
• These two booster holders were strongly attached to the LSC with electrical tape. 

The two loaded boosters holders being loaded and attached to the LSC, the explosive charge was put inside 
the casing. 
Once inside the casing, at the two extremities the standoff blocks were inserted between the LSC and the 
casing.

Instant Gasket was then applied at both extremities and the covers plates immediately screwed on the 

extremities.

Just prior to detonating the charge for severing the piles or other tests, the init iators were installed over the 

casings.


• First one deta sheet (0.333") was put on the two-machined recess on the casing. 
• One initiator was then placed on each of these deta sheets. 
• Two slice of deta sheet (0.125") were then placed over the initiator. 

4.0 - EXECUTION OF THE TESTS 

Test # 1 was done with a LSC curved for a 30"ø pile. The LSC was mounted in a casing. There was two 

initiators for the charge These were 2½" each side of centerline. One booster was loaded with PETN and 

RDX was used for the other. This test is presented in pictures 3 to 9.


It resulted in a very good cut, for both the PETN and the RDX.


Test # 2 was done with a LSC curved for a 48"ø pile. The LSC was mounted in a casing. There was two 

initiators for the charge which were 2½" each side of centerline. The booster were loaded with PETN for 

one and RDX for the other. This test is covered with photo 10 to 18.


It resulted in very good cut. However under PETN booster it showed a short fracture (~2 inch long). 


The two precedent tests bring us to select RDX to fill the booster for the others tests.


Test # 3 was performed with a LSC curved for a 30"ø pile. Four LSC were mounted in four casings. There 

was two initiators for each charge which were 2½" each side of centerline. The boosters were loaded with 

RDX for both. All of these charges and casings were assembled on a Scorpion used for their deployment. 

The deployment of the Scorpion was made inside a 30"ø pile. 

Then the pile was driven in a gravel pit submerged by water. After many unsuccessful essay to set the pile, 

the Scorpion slipped to the bottom of the pile underwater. 

After the recuperation of the Scorpion, all the charges and casing were verified, unloaded from the Scorpion 

and further reloaded. The Scorpion with all the casing was then redeployed inside the 30"ø pile. 
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Then the pile was reinstalled vertically in the gravel pit submerged by water, at this moment the pile stayed 

still. This test is illustrated in figures 19, 21-23, 27, 35-44.


It resulted in a very good cut; the pile was severed on a complete circumference and split in two separate 

parts.


Test # 4 was done with a LSC curved for a 48"ø pile. Four LSC were mounted in four casings. There was 

two initiators for each charge which were 2½" each side of centerline. Both boosters were loaded with RDX. 

All of these charges and casings were assembled on a Scorpion which was used for their deployment inside 

a 48"ø pile. 

The driving up of this pile was done between the first unsuccessful planting of the 30"ø pile and reloading of 

the charges for second successful test for 30"ø pile. The 48"ø pile was set in the gravel pit submerged by 

water. After some unsuccessful essay to drive the pile in the bottom mud, it rested in the bottom of the ‘lake’ 

and the test was done. This test is shown in figures 28-34 and 53.


It resulted in an incomplete cut. Three quarter of the circumference was completely severed. The cuts were 
incomplete under two LSC and junctions of two cuts were also incomplete. 

Test # 5 was on a LSC curved for a 30"ø pile. The LSC was mounted in a casing presenting wrinkles on the 
wall with the initiators. There was two initiators for the charge, which were 2½" each side of centerline. The 
boosters were loaded with RDX for both of them. The standoff was set precisely and securely with a ¾" 
thick wood piece at one extremity and by expanded foam at the other extremity. This test is presented in 
pictures 45 to 51. 

It resulted in a weaken cut under the wood piece and a partly weaken cut under the foam. 

5.0 - ANALYSIS OF THE RESULTS 

Test # 1 (one loaded LSC against a 30"ø pile) and # 2 (one loaded LSC against a 48"ø pile) were considered 
as a demonstration that both arrangements for 30"ø pile and 48"ø pile can do reliable severing. The little 
fracture observed under the PETN booster of the 48" led us to prefer RDX for the booster. 

Test # 3 (four LSC loaded and assembled on a scorpion inside a 30"ø pile), which was done in two 
sequences, brings us a lot of information. When the Scorpion slipped from the pile to the bottom of the 
‘lake’ it showed us that with repetitive shocks with water and mud present as lubricant, even if the scorpion 
is deployed, it has great chances to move. When the Scorpion was recovered and the charges inspected, the 
falling of the standoff blocks showed us that this system is limited on the quantities of shock it can accept. 
This event was also a supplementary proof that the casing closed with the instant gasket is watertight. None 
of the opened casing presented any water infiltration. And after being reloaded even with a short curing 
time, they all performed correctly. 

Test # 4 (four LSC loaded and assembled in a Scorpion inside a 48"ø pile) brings us also some additional 
information but also outstanding questions. As this Scorpion was more securely hanged it didn’t slipped, 
even if the pile was submit to some repetitive shocks. The severing of the pile being incomplete all the 
charges didn’t perform their job optimally. The most likely explanation for this incomplete severing is that 
in one or two casing the standoff blocks moved. If so it could have caused one or many of the following 
events. The initiation can have been done from only one point instead of two. The initiation can have been 
done on one or two point but resulting with no intimate contact between the inside of the casing and the 
booster material. No initiation at all can have been done from the initiators, the initiation resulting from the 
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shock wave of the charges aside at one or both extremities. Most of these events would be combining with a 

lost of the correct standoff distance and probably a cantering of the LSC inside the casing. Another 

possibility is an uneven thickness of material in front of the LSC. Normally wall of these kind of piles is 

regular enough, but at the seam location a weld reinforcement of ?" can be met, at this point and with some 

distance it can cause some water gap between the casing and the pile wall. 

What really happened is hard to confirm but for sure some supplementary tests should be done on this type 

of LSC before the Gulf testing.


Test # 5 (one loaded LSC against a 30"ø pile), the LSC being loaded inside a ?" thick wall casing 

presenting wrinkles on the wall where the initiation should be done. This arrangement testing was also done 

with standoff maintained at one extremity with a wood piece ¾" thick, 4" long and at the other with 

expanded foam with a wood piece.

It showed us that initiation is performed properly even if there are wrinkles. However it seem that if too 

thick wood pieces is in obstruction in the jet path which can weaken jet efficiency.


6.0 - CONCLUSION 

Initiation and severing of 30"ø pile can be done with efficiency and repeatability using casing 3/16" or ? "  
thick wall. For this arrangement we are ready to go in the Gulf of Mexico testing (Task 7B). 

Initiation and severing of 48"ø pile has still to be improved. 

Data acquisition and measurement for peak pressure, impulse and energy flux were accordin gly to the 
expectation of all involved people. There is no remaining question about measurement so this part of the 
deployment is ready for Gulf experiment. See results in Annex B. 

7.0 - RECOMMANDATION 

In view of validating 48"ø pile arrangement supplementary testing should be performed before Gulf testing. 
•	 Test with straight LSC with a correct standoff over a 2" thick steel plate. Install the LSC and 

standoff holding pieces to have no interference between jet and target. Saw the plate, observe the 
entire cut and verify if there is any wash out. This test could be done with or without use of a 
casing and water. 

•	 Test with straight LSC with a correct standoff over a 2" thick steel plate. Install the LSC with 
standoff wood pieces in interference with the extremities of the LSC (interference at least 1" long 
each extremities), so it‘ll have 1" interference between jet and target at each extremities. Saw the 
plate, observe the entire cut and verify if the cut was affected in regard to the first test. This test can 
be done with or without use of a casing and water. 

•	 Repeat the same test with straight LSC with a correct standoff over a 2" thick steel plate. . Install 
the LSC with standoff PVC pipes part in interference with the extremities of the LSC (interference 
at least 1" long each extremities), so it‘ll have 1" interference between jet and target at each 
extremities. Saw the plate, observe the entire cut and verify if the cut was affected in regard to the 
first test. This test can be done with or without use of a casing and water. 

•	 Test with straight LSC with a correct standoff over a 2" thick steel plate. Then add a height to the 
standoff to simulate the height caused by the variation caused on wall of the pile as where we met 
seam weld reinforcement. Install the LSC with standoff wood pieces in interference with the 
extremities of the LSC (interference at least 1" long each extremities), so it‘ll have 1" interference 
between jet and target at each extremities. Saw the plate, observe the entire cut and verify if the 
entire cut was affected. This test can be done with or without use of a casing and water. 
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With all these results helping to interpret correctly 48" LSC comportment at ESI testing (task 7A). Some 
additional tests would be valuable on actual LSC. 

•	 Test with one curved LSC (for 48"ø pile) with a correct standoff inside a 48"ø pile. Install the LSC 
with standoff wood pieces in interference with the extremities of the LSC (interference at least 1" 
long each extremities), so it‘ll have 1" interference between jet and target at each extremities. LSC 
mounted inside casing, do the testing. Saw the section, observe the cut and verify if the cut was 
affected. This test should be done with use of water. 

•	 Test with one curved LSC (for 48"ø pile) with a correct standoff inside a 48"ø pile. Install the LSC 
with standoff PVC pipe pieces in interference with the extremities of the LSC (interference at least 
1" long each extremities), so it‘ll have 1" interference between jet and target at each extremities. 
LSC mounted inside casing, do the testing. Saw the section, observe the cut and verify if the cut 
was affected. This test can be done with use of water. 

•	 Test with four curved LSC (for 48"ø pile) with a correct standoff inside a 48"ø pile. Install the LSC 
with standoff choose pieces in interference with the extremities of the LSC (interference at least 1" 
long each extremities), so it‘ll have 1" interference between jet and target at each extremities. LSC 
mounted inside casing, all the casings installed on a scorpion or arranged as if they were mounted 
on a scorpion, do the testing. Saw the section, observe the cut and verify if the cut was affected. 
This test can be done with use of water. 

With these latter tests giving good results then Gulf testing (task 7B) could be next  step. 
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Annex A


Test plan 647-004-TEP-DET
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PLAN D'ESSAI / TEST PLAN


TITRE DE L'ESSAI / TEST TITLE : Test of linear shape charge on piles, project MMS 

Demandeur / Requested by: Denis Saint Arnaud No. de l'essai / Test number: 647-004-TEP-DET 

Endroit de l'essai / Test location: ESI Clinton LA Révision / Revision: 0 

Date émise / Date submitted: July 2003 Projet, Produit / Project, Product: MMS 

Date requise / Date required: July 2003 No. Work Order / Work Order No.: MP19400 

Présence du demandeur ou délégué/ 
Required presence of authorized person: 

OuI, NOM / 
Yes, NAME 

NON 
REQUIS / No 

RUBRIQUES OBLIGATOIRES / MANDATORY INFORMATION: 

1. BUT / AIM: 

The first aim of these tests is to confirm that LSC mounted in appropriate casings will entirely severe 30 & 48"ø piles. 

The second aim is to confirm that we can properly get data and do measurement accordingly to parameters agreed with 
MMS. 

2. PROCÉDURES À SUIVRE / TEST PROCEDURE: 

Mount the linear shape charge with booster holders filled inside the casings set-up ensuring correct stand-off. 

Close the casing and make them watertight 

Assemble initiation system over the casing. 

Evacuate area, connect initiation system and do the test. 

Evaluate penetration depth, shape or sectioning capability. 

3. MESURES DE SÉCURITÉ PARTICULIÈRES / SPECIFIC SECURITY MEASURES: 
a) Mesures de sécurité particulières 
1.1D explosive manipulation. Use of appropriate protection shield and distance. 

Following testing agency safety procedure. 

b) Analyse de risques spécifique à l'essai 
NON APPLICABLE / NOT APPLICABLE 
CONFORME À L’ANALYSE DE RISQUES DÉTAILLÉE NO. : / MEETS THE RISK ANALYSIS No. 
NON CONFORME À L’ANALYSE DE RISQUES DÉTAILLÉE NO.:/ DOES NOT MEET THE RISK ANALYSIS No. 

NOMS DES PARTICIPANT S / ATTENDEES NAME 
Nom / Département : 
Name / Department : 

Indiquer les changements/ Modifications : 
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Chef de projet / Chief of the project Directeur responsable du projet / Project Manager 

4. COMPOSANTES CRITIQUES UTILISÉES POUR L'ESSAI SONT CONFORMES / CRITICAL COMPONENTS USED ARE CONFORM : 

N/A  OUI/YES  NON/NO 

Si non, donner la raison I If not give the reason: 

9.1 RUBRIQUES APPLICABLES / APPLICABLE INFORMATION: 

A N/A A N/A 
Produits à évaluer / 
Product to test 

Armes, Équipement à utiliser / 
Weapon, Equipment 

Charges propulsives / 
Propelling charge 

Critères d'acceptation / 
Acceptance criteria 

Données à recueillir / 
Measurements 

Autres rubriques / 
Other information 

Dessins applicables / 
Applicable drawings 

Références / 
References 
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Product to test 

Table #1: Linear shape charge for 30"ø pile enclosed in casing to confirm initiation system location and best 
way to build it. 

Tests # Explosive Charge shape 
and length 

Casing Standoff Required 
accessories 

Quantities 

1 RDX Curved charge 
~21" long 

Curved for 
30"ø pile 

1.25 inches Pile section 
30"ø Nonel 

initiator 

One 

Table #2: Linear shape charge for 48"ø pile enclosed in casing to confirm initiation system location and best 
way to build it. 

Tests # Explosive Charge shape 
and length 

Casing Standoff Required 
accessories 

Quantities 

2 RDX Curved charge 
~34" long 

Curved for 
48"ø pile 

1.25 inches Pile section 
48"ø Nonel 

initiator 

One 

Table #3: Four linear shape charge for 30"ø pile enclosed in casing, all of them mounted on a scorpion, all 
the assembly put inside a pile and essay underwater. To validate efficiency of the entire system. 

Tests # Explosive Charge shape 
and length 

Casing Standoff Required 
accessories 

Quantities 

3 RDX Curved charge 
~21" long 

Curved for 
30"ø pile 

1.25 inches Pile section 
Nonel initiator 

Four deployed 
by a scorpion 

Table #4: Four linear shape charge for 48"ø pile enclosed in casings, all of them mounted on a Scorpion, all 
the assembly put inside a pile and essay underwater. To validate efficiency of the entire system. 
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Tests # Explosive Charge shape 
and length 

Casing Standoff Required 
accessories 

Quantities 

4 RDX Curved charge 
~34" long 

Curved for 
30"ø pile 

1.25 inches Pile section 
Nonel initiator 

Four deployed 
by a scorpion 

Table #5: Linear shape charge for 30"ø pile enclosed in casing to confirm that initiation is effective through a 
casing with wrinkles on the wall. 

Tests # Explosive Charge shape 
and length 

Casing Standoff Required 
accessories 

Quantities 

5 RDX Curved charge 
~21" long 

Curved for 
30"ø pile, ? "  

thick HSS 

1.25 inches Pile section 
30"ø Nonel 

initiator 

One 

Table #6 : Results 

Test # Explosive Number of 
charges 

Casing damages Target damages Photo 

1 RDX 1 
2 RDX 1 
3 RDX 4 
4 RDX 4 
5 RDX 1 

Equipment 

Per test # 1 :	 30"ø pile 
Linear shape charge filled with RDX & casing curved for the pile 
Booster system 
Initiation system 

Per test #2 :	 48"ø pile 
Linear shape charge filled with RDX & casing curved for the pile 
Booster system 
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Initiation system 

Per test # 3 : 30"ø pile 
Four linear shape charge filled with RDX & casing curved for the pile

Booster system

Scorpion system

Initiation system

Sufficient depth of water to submerge the pile


Per test # 4 : 48"ø pile 
Four linear shape charge filled with RDX & casing curved for the pile

Booster system

Scorpion system

Initiation system

Sufficient depth of water to submerge the pile


Per test # 5 :	 30"ø pile 
Linear shape charge filled with RDX & casing curved for the pile 
Booster system 
Initiation system 

Acceptance criteria 

Test is considered successful if target is entirely cut. 

Measurements 

After each tests remaining casing and target must be photographed to evaluate damages.

Targets must be cut perpendicularly to jet propagation. 

Depth and shape of penetration must be evaluated and photographed. 
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Annex B


Sonalysts report dry run


This report which was part of ESI test Range report has been entirely reproduced as the next Annex E
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Annex E 

ESI test range testing – Sonalysts test report 
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BLASTING MEASUREMENT 
Preliminary Testing at Bunch Quarry, Clinton LA 
9 July 2003 

PREPARED FOR: 

SNC TECHNOLOGIES, IN C. 
5, MONTEE DES ARSENA UX 
LE GARDEUR, QC CANA DA 

J5Z 2P4 

PREPARED BY: 

SONALYSTS, INC. 
215 PARKWAY NORTH 

WATERFORD, CT 06385 
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GULF BLAST MEASUREME NT 

Preliminary Testing at Bunch Quarry, Clinton LA 
9 July 2003 

1.0 - BLAST TRANSDUCER SETUP FOR SHAPED CHARGE 
EXPERIMENTS 

Comments 

- In general, transducers produced shock wave peak pressures in the order of magnitude of 240 
psi at 30’ and 180 psi at 55’ for 30” pipe, and 210 psi at 30’ and 130 psi at 55’ for the 48” pipe. 

- Use of Connor’s developed similitude equations for 30” pipe with charge weight of 4.58 lb 
yields 215 psi at 30’ and 64 psi at 55’. Numbers for 48” pipe with charge weight of 6.86 lb are 
282 psi at 30’ and 84 psi at 55’. 
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- Multiple peaks (<0.5 msec) seen in a given transducer time trace are probably due to reflections 
in pipe structure or charge delays. Larger delays (> 1 msec) may be bottom or quarry wall 
reflections. 

- The 48” charges did not set off correctly and results are not what would be expected for correct 
charge detonation. 

- Pipes and charges were not placed below mudline hence resulting pressures are higher than 
would be expected for below mudline placement. 

- 48” pipe test was run first. Transducers 1 and 2 did not respond. Cables were checked and re-
installed and equipment reset. For 30” pipe test, all channels yielded valid data. 

- Propagation loss will be different in the quarry setting compared with open water due to close 
in reflections of shock pulse energy and solid restriction behind pipe (quarry wall). This should 
explain the low rate of pressure fall-off with increased distance. 

- Graphs of transducer shock pulse data follow. 
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Annex F 

Engineered charge parts drawings 
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Annex G 

Gulf of Mexico test plan 
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PLAN D'ESSAI / TEST PLAN


TITRE DE L'ESSAI / TEST TITLE : Test of linear shape charge on piles in the Gulf, project MMS 

Demandeur / Requested by: Denis Saint Arnaud No. de l'essai / Test number: 647-005-TEP-DET 

Endroit de l'essai / Test location: Mexico Gulf LA Révision / Revision: 1 
Date émise / Date submitted: 
Date requise / Date required: 

September 2003 
October 2003 

Projet, Produit / Project, Product: 
No. Work Order / Work Order No.: 

MMS 
MP19400 

PRÉSENCE DU DEMANDEUR OU DÉLÉGUÉ/ 
REQUIRED PRESENCE OF AUTHORIZED PERSON: 

OOUUII,, NNOOMM // YYEESS,, 
NNAAMMEE 

NNOONN RREEQQUUIISS // 
NNOO 

RUBRIQUES OBLIGATOIRES / MANDATORY INFORMATION: 

1. BUT / AIM: 

The first aim of these tests is to confirm that LSC mounted in appropriate casings will entirely severe 30"ø piles on actual 
platforms in the Gulf. 

The second aim is to take blast measurements and data on the test environment requested by MMS according to parameters 
agreed with them. 

2. PROCÉDURES À SUIVRE / TEST PROCEDURE: 

Mount the linear shape charge along with filled booster holders inside the casings s et-up ensuring correct standoff with the standoff 
blocks. 

Close the casing and make them watertight with the Loctite #30507 material 

Assemble initiation system over the casing. 

Take measurements on the environment where the test is preformed (water salinity and temperature, data on the mud, …) 

Evacuate area, connect initiation system and perform the pile severing test. 

Obtain blasting performance data (Peak pressure, Impulse and Energy Flux) 

Evaluate sectioning capability of the charge including depth and shape of penetration. 

3. MESURES DE SÉCURITÉ PARTICULIÈRES / SPECIFIC SECURITY MEASURES: 
a) Mesures de sécurité particulières 

1.1D explosive manipulation. Use of appropriate protection shield and distance. 

Following testing agency safety procedure. 

b) Analyse de risques spécifique à l'essai 
NON APPLICABLE / NOT APPLICABLE 
CONFORME À L’ANALYSE DE RISQUES DÉTAILLÉE NO. : / MEETS THE RISK ANALYSIS No. 
NON CONFORME À L’ANALYSE DE RISQUES DÉTAILLÉE NO.:/ DOES NOT MEET THE RISK ANALYSIS No. 

NOMS DES PARTICIPANT S / ATTENDEES NAME 
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Nom / Département : 
Name / Department : 
Indiquer les changements/ Modifications : 

Chef de projet / Chief of the project Directeur responsable du projet / Project Manager 

4. COMPOSANTES CRITIQUES UTILISÉES POUR L'ESSAI SONT CONFORMES / CRITICAL COMPONENTS USED ARE CONFORM : 

N/A  OUI/YES  NON/NO 

Si non, donner la raison I If not give the reason: 

RUBRIQUES APPLICABLES / APPLICABLE INFORMATION: 
A N/A A N/A 

Produits à évaluer / 
Product to test 

Armes, Équipement à utiliser / 
Weapon, Equipment 

Charges propulsives / 
Propelling charge 

Critères d'acceptation / 
Acceptance criteria 

Données à recueillir / 
Measurements 

Autres rubriques / 
Other information 

Dessins applicables / 
Applicable drawings 

Références / 
References 
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Product to test 

First Pier has three piles of 30"ø, 1" thickness wall and has one well

First Pier will be severed during tests #1 to 4. Those tests will be conducted in one operation with only a short delay 

between them.


Table #1: Linear shape charge for 30"ø pile enclosed in casing to confirm initiation system location and best 
way to build it. 

Location at 15 feet below mudline. 

Tests # Explosive Charge shape 
and length 

Casing Standoff Required 
accessories 

Quantities 

1 RDX Curved charge 
~21" long for 

30"ø pile 

Curved for 
30"ø pile 

1.25 inches Pile 30" 1" 
thickness wall 
Nonel initiator 

Four 

Table #2: Linear shape charge for 30"ø pile enclosed in casing to confirm initiation system location and best 
way to build it. 

Location at 15 feet below mudline. 

Tests # Explosive Charge shape Casing Standoff Required Quantities 
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and length accessories 
2 RDX Curved charge 

~21" long for 
30"ø pile 

Curved for 
30"ø pile 

1.25 inches Pile 30" 1" 
thickness wall 
Nonel initiator 

Four 

Table #3: 	 Bulk charge 50 pounds for 30"ø pile non enclosed. To get comparative data with LSC testing. 
Location at 15 feet below mudline. 

Tests # Explosive Charge shape 
and length 

Casing Standoff Required 
accessories 

Quantities 

3 RDX N/A N/A N/A Pile 30" 1" 
thickness wall 
Nonel initiator 

One 

Table #4: Bulk charge 50 pounds for 16"ø or 24"ø well non enclosed. To get comparative data with LSC 
testing. 

Location at 15 feet below mudline. 

Tests # Explosive Charge shape 
and length 

Casing Standoff Required 
accessories 

Quantities 

4 RDX N/A N/A N/A Well 16 or 24" 
Nonel initiator 

One 
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Second Pier has three piles 30"ø, 5/8" thickness wall and has one well

Second Pier will be severed during tests #5 to 8. The tests will be conducted in one operation with only a short 

delay between them.


Table #5: Linear shape charge for 30"ø pile enclosed in casing to confirm initiation system location and best 
way to build it. 

Location at 15 feet below mudline. 

Tests # Explosive Charge shape 
and length 

Casing Standoff Required 
accessories 

Quantities 

5 RDX Curved charge 
~21" long for 

30"ø pile 

Curved for 
30"ø pile 

1.25 inches Pile 30" 5/8" 
thickness wall 
Nonel initiator 

Four 

Table #6 : Linear shape charge for 30"ø pile enclosed in casing to confirm initiation system location and best 
way to build it. 

Location at 15 feet below mudline. 

Tests # Explosive Charge shape 
and length 

Casing Standoff Required 
accessories 

Quantities 

6 RDX Curved charge 
~21" long for 

30"ø pile 

Curved for 
30"ø pile 

1.25 inches Pile 30" 5/8" 
thickness wall 
Nonel initiator 

Four 
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Table #7: 	 Bulk charge 50 pounds for 30"ø pile. To get comparative data with LSC testing. 
Location at 15 feet below mudline. 

Tests # Explosive Charge shape 
and length 

Casing Standoff Required 
accessories 

Quantities 

7 RDX N/A N/A N/A Pile 30" 5/8" 
thickness wall 
Nonel initiator 

One 

Table #8: Bulk charge 50 pounds for one well 16" or 24"ø non enclosed. To get comparative data with LSC 
testing. 

Location at 15 feet below mudline. 

Tests # Explosive Charge shape 
and length 

Casing Standoff Required 
accessories 

Quantities 

8 RDX N/A N/A N/A Well 16 or 24" 
Nonel initiator 

One 

Table #9 : Results 

Test # Explosive Number of 
charges 

Casing 
damages 

Target damages Photo Sonalysts 
measurements 

1 RDX eng LSC 4 
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2 RDX eng LSC 4 
3 RDX bulk 1 N/A 
4 RDX bulk 1 N/A 
5 RDX eng LSC 4 
6 RDX eng LSC 4 
7 RDX bulk 1 N/A 
8 RDX bulk 1 N/A 
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Equipment 

Test # 1 :	 30"ø pile 1" thickness wall 
Linear shape charge filled with RDX & casing curved for the pile 
Booster system 
Scorpion System 
Initiation system 

Test #2 : 30"ø pile 1" thickness wall 
Linear shape charge filled with RDX & casing curved for the pile

Booster system

Scorpion System

Initiation system


Test #3 :	 30"ø pile 1" thickness wall 
One Bulk charge 50 pounds with RDX 
Booster system 
Initiation system 

Test #4 :	 16 or 24"ø well 
One Bulk charge 50 pounds with RDX 
Booster system 
Initiation system 

Test # 5 :	 30"ø pile 5/8" thickness wall 
Linear shape charge filled with RDX & casing curved for the pile 
Booster system 
Scorpion System 
Initiation system 

Test # 6 :	 30"ø pile 5/8" thickness wall 
Linear shape charge filled with RDX & casing curved for the pile 
Booster system 
Scorpion System 
Initiation system 

Test # 7 :	 30"ø pile 5/8" thickness wall 
One Bulk charge 50 pounds with RDX 
Booster system 
Initiation system 

Test # 8 :	 One well 16 or 24"ø 
One Bulk charge 50 pounds with RDX 
Booster system 
Initiation system 
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Acceptance criteria 

Test is considered successful if target is entirely cut. 

Measurements 

After each tests target must be photographed to evaluate damages .

Targets must be cut perpendicularly to jet propagation. 

Any remaining attachment must be photographed for evaluation of depth and shape of penetration..

Measurement must be done on Peak pressure, Impulse and Energy Flux.
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Annex H 

Gulf of Mexico testing – Sonar localization report 
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Annex I 

Gulf of Mexico testing – Sonalysts test report 

Revised 04-04-30 
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Blast Measurements 

on 


Huber #97 and #120 Platform Decommissioning


November 21-23, 2003 

Prepared for: 

SNC Technologies Corporation 
5, montee des Arsenaux 

Le Gardeur, QC, Canada 
J5Z 2P4 

Prepared by: 

Sonalysts, Inc. 
215 Parkway North 

Waterford, CT 06385 
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Introduction 

Measurements were made on November 22nd and 23rd on Huber Platforms #97 and #120 to determine the 
underwater shock pressure pulse parameters of Peak Overpressure, Specific Impulse and Energy Flux Density at 
each of 12 transducer positions resulting from explosive cutting of the piling legs and well conductors. On platform 
#97, three piling legs were targeted (there was no well conductor at this location) with the first in trigger sequence 
being a 4.6-pound engineered charge and the remaining two 50-pound bulk charges. On platform #120, where there 
was a well conductor, the first piling triggered was again a 4.6 pound engineered charge, with the remaining three 
50-pound bulk charges. Collected data was compared to ARA model 1 projected levels. Transducer location data 
was measured by both Bisso Marine and Minerals Management Service (MMS) staff, using a Mesotech MS-1000 
sector-scanning sonar, in order to confirm the actual position of the array. 

Huber #97 (left) and #120 (right) 

1. Dzwilewski, Peter T. and Fenton, Gregg, Shock Wave / Sound Propagation Modeling Results for Calculating 
Marine Protected Species Impact Zone During Explosive Removal of Offshore Structures, Applied Research 
Associates, Inc., January 20, 2003. 
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The measurement array was deployed off the stern deck of 
the Capt. W. A. Bisso, Jr. 150' workboat, supplied by Bisso 
Marine. After the first array deployment on Friday November 
21st, it was determined that the piling where the Scorpion 
(and engineered charge) would be deployed was not fully 
jetted, so the array had to be retrieved after being in the water 
for over 6 hours. The array was redeployed at dawn of the 
following morning, November 22nd, and the targets were 
exploded. The calibration test charge showed that three 
transducers were not working. Shock data and transducer 
location scans we re taken and successfully stored. The 
engineered charge did not fully cut the piling, so the target 
had to be exploded again prior to removing the structure. 

On the following day, November 23rd, transducers that were 
found detached from the previous day's measurements were 
repaired. The cal test charge revealed that all transducers but 
one were working. Unlike the previous day, there was much 
difficulty in the array deployment at Huber #120 due to 4' to 
6' seas, a snapped tie line, and the leakage in the air-driven 
winches on the Jr. When the array was finally deployed, a tug 
assisted the Jr. to keep it in position to protect the arrays. The 
targets were then exploded and the shock pressure data 

recorded on the DL750 ScopeCorder. When the operator went the stop the measurement (to store the data), the 
ScopeCorder restarted and erased the data. The ScopeCorder uses the same switch to start and stop data acquisition 
and when a new measurement is started, previous data is erased from the buffer. It is not clear if the switch bounced 
(electro-mechanically) or the operator double-hit the switch, possibly due to the high vibration levels and wave 
action swaying on the Jr. The operator did see the first four channels of the data and wrote down the approximate 

levels to at least preserve some of the 

data. In addition, prop wash from the tug 

and Jr. workboat was so strong that 

neither the Boaz derrick barge nor MMS 

sidescan sonars could successfully get 

complete array position data.


The engineered charge did not fully cut 

the piling again, and a backup charge had 

to be employed.


Instrumentation 

Measurements were made using a 

transducer array consisting of 12 PCB 

W138A Underwater Blast Pressure 

Transducers (tourmaline) that were 

configured with the first three downlines 

having transducers (3) at 5', 15' and 25' vertically above the mudline. These nearfield downlines were positioned at 

horizontal distances of 25', 50', and 75' from the charge position. The last three transducers were positioned at 

horizontal distances of 100', 150', and 200' (farfield), with each one at 25' vertically above mudline. The blast 

transducers were powered by PCB ICP power supplies, and then fed into a Yokogawa DL750 ScopeCorder where 

data was measured and stored for later retrieval.
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For depth, speed of sound (derived from conductivity/salinity), and temperature measurements, a RBR XR-420 CTD 
logger was used. At #97, both the Jr. and Boaz reported depth soundings of 50 feet: these were confirmed by the 
CTD. The sounding depth of 40 feet was also confirmed by the CTD at #120 (wave action was ±3', so the CTD 
readings were within wave action fluctuations). Following is the CTD data collected for #97 and #120: 

Date Time 
Cond 

(mS/cm) Temp (°C) 
Pressure 

(deciBars) Depth (m) 

Speed of 
Sound 
(m/sec) 

11/21/03 8:55:30 42.79 23.17 25.37 15.11 1523.39 
11/23/03 14:44:40 43.29 23.03 21.59 11.36 1523.48 

Measurements 

Shock wave time data was gathered for nine of twelve channels at Huber #97 decommissioning for one 4.6 pound 
engineered charge and two 50-pound bulk charges. Of the twelve transducers, three did not work: transducer E (50' 
distance, 15' above mudline); transducer J (100' distance, 25' above mudline); and transducer K (150' distance, 25' 
above mudline). Actual array position data was also gathered using both the Boaz's and Jr.'s (MMS) sector-scanning 
sonars, and this data has been integrated into the following data tables. 

With regard to #120, only data for the 50-pound charges (3) was "remembered" from the brief visual display and 
only for the first four transducers. The 4.6-pound engineered charge levels were observed to be considerably lower 
than the bulk charge levels. 
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Peak Overpressure: psi 

Transducer 

Slant 
Range 
Leg 1 

50 lb 
ARA 

50 lb 1 
Meas 

Slant 
Range 
Legs 
2+3 

50 lb 
ARA 

50 lb 2 
Meas 

4.6 lb 
ARA 

4.6 lb 
Meas. 

A_R25V5 40.3 1014.4 244.1 75.4 467.2 137.9 168.5 139.2 
B_R25V15 46.0 863.0 281.6 78.7 443.5 167.1 160.0 140.3 
C_R25V25 53.1 723.5 279.0 83.0 415.9 98.2 150.0 78.8 
D_R50V5 60.6 615.3 192.5 96.4 346.3 90.9 124.9 86.7 
F_R50V25 69.7 521.1 211.6 102.4 322.1 134.2 116.2 74.4 
G_R75V5 89.3 384.5 151.4 125.2 251.6 64.1 90.8 45.5 
H_R75V15 92.1 369.5 137.7 127.2 246.8 82.7 89.9 93.2 
I_R75V25 95.8 352.6 83.3 129.9 240.8 118.8 86.9 119.0 
L_25R200 214.7 131.8 41.2 249.9 108.3 26.8 39.1 10.1 

Peak Overpressure Levels for #97 (ARA projected versus measured) 

Measurements on #120 showed that the Peak Overpressure levels on the first four transducers (A through D) were 
on the order of 400 to 500 psi for the three 50-lb bulk charge shots. This is higher than that measured at #97, but still 
lower than the ARA predictions for a 35 foot slant range (no actual me asured distance data is available for #120). 

Impulse: psi•s 

Transducer 

Slant 
Range 
Leg 1 

50 lb 
ARA 

50 lb 1 
Meas 

Slant 
Range 
Legs 
2+3 

50 lb 
ARA 

50 lb 2 
Meas 

4.6 lb 
ARA 

4.6 lb 
Meas. 

A_R25V5 40.3 0.399 0.140 75.4 0.196 0.069 0.045 0.016 
B_R25V15 46.0 0.354 0.193 78.7 0.188 0.017 0.043 0.012 
C_R25V25 53.1 0.310 0.183 83.0 0.179 0.017 0.041 0.012 
D_R50V5 60.6 0.275 0.108 96.4 0.156 0.054 0.036 0.010 
F_R50V25 69.7 0.243 0.018 102.4 0.147 0.019 0.034 0.012 
G_R75V5 89.3 0.193 0.081 125.2 0.122 0.054 0.028 0.006 
H_R75V15 92.1 0.188 0.066 127.2 0.120 0.013 0.028 0.010 
I_R75V25 95.8 0.181 0.044 129.9 0.118 0.016 0.027 0.008 
L_25R200 214.7 0.087 0.030 249.9 0.063 0.022 0.015 0.004 

Impulse Levels for #97 (ARA projected versus measured) 
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Energy Flux Density: psi•in 

Transducer 

Slant 
Range 
Leg 1 

50 lb 
ARA 

50 lb 1 
Meas 

Slant 
Range 
Legs 
2+3 

50 lb 
ARA 

50 lb 2 
Meas 

4.6 lb 
ARA 

4.6 lb 
Meas. 

A_R25V5 40.3 34.695 3.589 75.4 6.735 0.813 0.700 0.132 
B_R25V15 46.0 26.337 5.526 78.7 6.143 0.138 0.640 0.097 
C_R25V25 53.1 19.499 4.353 83.0 5.482 0.078 0.574 0.055 
D_R50V5 60.6 14.794 1.756 96.4 3.963 0.419 0.420 0.038 
F_R50V25 69.7 11.144 0.162 102.4 3.486 0.105 0.371 0.054 
G_R75V5 89.3 6.636 1.009 125.2 2.252 0.280 0.244 0.013 
H_R75V15 92.1 6.201 0.678 127.2 2.177 0.047 0.236 0.057 
I_R75V25 95.8 5.725 0.259 129.9 2.083 0.082 0.226 0.054 
L_25R200 214.7 1.070 0.090 249.9 0.506 0.051 0.058 0.004 

Energy Flux Density for #97 (ARA projected versus measured) 

Measured data shows that peak pressure levels are quite lower than predicted by the ARA model (this was also 
experienced in the quarry measurements in July). In addition, some of the transducers further away from the mudline 
experienced higher levels than near mudline (5' above) counterparts. This was also the case for #120 where the 
highest level (about 500 psi) was observed at transducer C (25' distance and 25' above mudline). It may be that the 
shock levels from the structures above mudline and closer to the surface are higher due to the lower impedance near 
the top because of lack of mud/silt. Further investigation and many more data points will be needed to determine if 
this in an anomaly or is consistent among all structure types and condition. Also of note is the substantial difference 
in data results for the two 50 lb charges. Again, there are not enough data points to understand the reason for 
difference. 

Note: Slant ranges are in feet. A time constant multiplier of 6.7 was used for Impulse and Energy Flux Density 
calculations. 
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Lessons Learned 

There were many valuable lessons learned in this study that can be carried into any future studies that may be done 
on the Gulf structure decommissioning. Following is a list of some of these issues. While not exhaustive, the listed 
items, if implemented for any follow up or similar study, will help to insure better array deployment and data 
gathering. 

• Anchoring of the transducer array was not optimal. The original plan had been to use a large clump anchor with a 
large float at the far end of the array and a direct attachment to a piling at the originating end with a heavy aircraft 
cable strung in between from which down lines would be hung. This plan was changed and the array executed from 
the stern deck of the 150' Jr. workboat. The Jr. was unable to keep its winches in check, even under the smoother 
seas at #97, and required a tug on both #97 and #120 to hold her position. This, plus the severe vibration on board 
the Jr., proved very detrimental to array deployment and subsequent measurements. Either a more powerful 
workboat with properly working winches or the original clump anchor arrangement will be necessary for the success 
of future measurements and array deployment. 

• Prop wash from the Jr. and the assisting tugboat on #120 overshadowed the sidescan sonars (both Bisso and MMS 
systems) to the point where no data could be measured regarding transducer position. Transducer position 
verification is an important part of the subject measurements and sidescan sonar provides one of very few means to 
do so. This, in concert with the former issue, shows the need to implement a clump anchor arrangement with 
external (still a workboat) servicing of the array for deployment. 

• Array deployment using multiple reels was difficult. The Jr. had no reasonable means (very few tiedowns) of 
anchoring a cable reel rig, and although the cable reels used were satisfactory for a limited amount of deployments, 
future deployments will benefit from a multi-reel system that can be anchored to the work deck of the host 
workboat. 

• Quality measured data (blast pressure transducer) was lost (not stored) at #120. There are limited (only two found) 
devices capable of capturing time data at such a high rate (500kHz) for 12-16 channels with the needed high 
dynamic range. Unfortunately, the DL750 that was used has a data acquisition switch that is the same for the start 
and stop function. Under lab conditions, this is acceptable. Under adverse conditions such as the high levels of ship 
vibration and large swells (4-6' seas) encountered at #120, this is difficult at best (as demonstrated when an 
experienced user "hit" the switch twice or it bounced mechanically). This shows the need for a redundant system. 
This could be a second DL750 in parallel, or another less expensive and lower bandwidth backup storage system. 
This is a must-address issue prior to any further measurements. 

• Instrumentation was exposed to the elements. The weather did not present any major problems as far as the 
measurement instrumentation, but it could have as the workboat had no place to shelter the equipment. Both the data 
logger and sidescan sonar systems will need proper shelter (a secure place on the workdeck where the equipment 
can be installed for numerous array deployments) to protect it from rain and sun. Also, vibration/shock mounting 
can be imp lemented. This will help to reduce deployment time, aid in viewing data as it comes in (no sun visors 
needed) and will protect the equipment from the environment. 

• Communications systems were non-existent. One of the most difficult areas was communication. The arrays were 
difficult to deploy and needed three to four persons to do it properly. In the meanwhile, the Jr. was trying to 
maintain the position needed for the array to be fed out. Only hand signals and yelling were available as means of 
communication. Furthermore, communication with the derrick barge, especially just prior to the shots, was minimal. 
Any future work will require better communication systems to be in place. High quality walkie -talkies would be 
good, but noise canceling communications headsets would be a much better alternative unless a reasonably quiet and 
strong workboat can be secured. 

• Array downline ropes were stretching and causing undue stress on pressure transducer cabling. The next version of 
the array should implement coated steel cable for downlines instead of rope. The difficulty will be having an array 
that can be reconfigured with reasonable effort for varying depths at different structures. This is a challenge for the 
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downlines, and cabling to the transducers and instrumentation, and will need to be carefully considered prior to any 
new measurements. 

• Many more data points are needed before similitude equations can be formulated with confidence. Furthermore, 
since the time waveforms vary considerably, it will be important to try to establish theories or demonstrable causes 
for the variances. 
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Annex J 

Gulf of Mexico testing – Soil sampling data Gulf of Mexico testing 
Bests available copies 
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